pATHOLOGICAL ACCELERATION of ectopic pacemaker activity within the specialized conduction system may not become manifest if the dominant rhythm, usually supraventricular, discharges at a faster rate. Slowing of the dominant rhythm by interventions such as carotid sinus pressure in man or direct electrical stimulation of the heart or vagus nerve in the experimental animal has been used to unmask suppressed ventricular rhythms arising in the Purkinje system, distal to the atrioventricular junction.`-4 Similarly, pathologically accelerated junctional rhythms, nonparoxysmal junctional tachycardia (NPJT), may remain suppressed by a more rapidly discharging higher focus only to become manifest either with slowing of the dominant pacemaker or acceleration of junctional ectopic pacemaker, or both. 5' 6 Isolated accelerated junctional escape impulses appearing spontaneously in man have received little or no attention. It is the purpose of this report, based on analysis of 49 routine cardiograms 1) to illustrate unmasking of accelerated junctional escape impulses by a variety of spontaneous mechanisms, 2) to show that the escape complexes occur in the same clinical setting as NPJT and thus to suggest that they should perhaps be viewed clinically in the same light as NPJT,5' 7 and 3) to present some of the more interesting electrocardiographic mechanisms accompanying accelerated junctional escape.
Material and Methods
Forty-nine cardiograms with sinoatrial rhythm (SA) interrupted by accelerated junctional escape complexes, the escape interval being 1200 ± 20 msec or less, were collected in the course of routine interpretation of tracings and correlated with clinical findings. The reasoning for including escape intervals up to 1200 msec is discussed below.
The escape cycle was measured in milliseconds as the interval from the beginning of the R wave preceding the escape complex to the beginning of the escape R wave and is referred to as the manifest escape cycle.
In instances where two or more junctional complexes followed the manifest escape pause, the interectopic junctional cycle length was determined. This interval is referred to as the true junctional interectopic interval. For each tracing the following were determined: 1) the rate of the basic, dominant pacemaker, 2) the manifest escape interval, 3) mechanism permitting an escape, 4) the 18   19  20  21  22  23  24  25   26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49   440  490  1500 The various ECG mechanisms permitting accelerated junctional escape are illustrated in figure 1.
Mechanism Permitting Escape
In 24 instances atrial premature systoles (APS) were responsible for the pause allowing the junctional pacemaker to escape ( fig. 2, 3, 4) . The average SA rate in this group was 98.4 beats per minute (an R-R interval of 610 msec, range 440-880 msec) with an average escape interval of 763 msec (range 540-1000 msec) ( fig. 5, 6 ). In 
Figure 2 Accelerated junctional escape complexes (marked by the dots) following conducted (A, B) and blocked (C) APS and VPS (D, E, F).
In A the APS is followed by a manifest escape R-R of 660 msec and a true escape interval of 700 msec. In F the VPS is followed by a run of NPJT. The manifest escape interval in F measures 760 msec. In B,C,D, and E the escape interval cannot be estimated.
pause permitting junctional escape. The SA rate in this patient was 83 beats per minute, R-R of 720 msec and the manifest escape interval was 960 msec ( fig. 8 ). Consequently, a physiological junctional escape interval is rarely shorter than 1000 msec, escape intervals between 1000 and 1200 msec representing a gray zone for abnormal acceleration. In pathological situations the automaticity of a junctional pacemaker may be enhanced5' 7 resulting in NPJT. The rate of NPJT varies from 70 to 130 beats per minute. In seven of the 49 patients presented here, the manifest junctional escape interval was longer than 1000 msec, the duration varying from 1040 to 1220 msec. These borderline, or gray zone cases of accelerated junctional automaticity were included not only because of the difficulty in estimating accurately the true junctional rate when an isolated impulse occurs, but as will be discussed below, the true interjunctional interval may be less than 1000 msec in some of these patients. In addition, inclusion of these cases provided an opportunity to assess the clinical correlates of escape intervals in the borderline range. In 47 cases, accelerated junctional escape complexes occurred in the same clinical setting as does NPJT, namely, in digitalis intoxication, following open heart surgery, with acute myocardial infarction, and in electrolyte disturbance.8-" In only two patients no heart disease was recognized nor were cardiac drugs being administered; these two patients Accelerated junctional escape following atrioventricular (A-V) junctional premature impulse. In V, the junctional focus is discharged by an atrial premature systole (APS) and terminated by an SA impulse 800 msec later. The manifest junctional escape cycle measures 920 msec in L3. In L3 the junctional impulse is delayed in its conduction to the atrium and the resultant distance between the retrograde P and subsequent SA impulse equals an SA cycle. The actual interval between premature ectopic junctional and the accelerated escape is longer than the manifest P-P, permitting a juinctional escape. Accelerated escape after APS and VPS (atrial and ventricular premature systole). The escape follows a conducted APS in L2. In each zone of V, the third P wave is an APS, conducted aberrantly, and is followed by a VPS. It may be, however, that both of the bizarre QRS represent VPS. The true interjunctional interval is 800 msec. ing system. A more exact appraisal of the rate of a 2, 3A). In such a situation, the junction is influenced junctional automatic focus can be made when two or by the preceding conducted SA impulse and not by more consecutive junctional impulses are recorded the blocked APS. The junction escapes at its inherent ( fig. 2, 4, 6, 8) . If the manifest escape interval equals rate and the manifest escape interval and the true the true junctional interval, it can be assumed that the junctional cycle are equal. Again, for this to be true, junctional focus was discharged and reset by the imthe conduction time below the junctional focus must pulse responsible for the pause, and furthermore, that be uniform for all the impulses. Similarly, manifest esthe conduction time below the junctional ectopic cape intervals equaling true intervals may be seen focus was the same for both the impulse initiating the with Wenckebach periods when the nonconducted SA pause and for the subsequent ectopic junctional imimpulse is blocked above the ectopic junctional focus. pulses ( fig. 1-1 ). This is frequently seen with conLikewise, with SA arrest, the junctional automaticity ducted APS. A manifest escape interval equaling the is not disturbed after the last conducted SA impulse true junctional interval can also be seen when the APS and the manifest escape interval equals the true interis blocked above the site of the junctional focus ( fig. 1 fig. 1-5, 4B ). The rate of conduction following the APS, and thus, the length of the escape 3114 },, ,; interval may be dependent on the prematurity of the J_(*-<y~w~-jwy I I APS. The more premature the APS, the slower the 1 l --IL -!,'',,A-V conduction and the shorter the manifest escape IUMC 490787 -1721
interval. Figure 10 As a rule, when VPS initiate the compensatory pause permitting a junctional escape, the manifest esAccelerated junctional discharge on3 13 andcnonparoxysmalrjunecape interval is longer than the true interjunctional tional tachycardia (NPJT) on .3114. The junctionalufocus marked by the dot below the complexes during the NPJT probably activates cycle ( fig. 1-3 ). This iS SO because thejunctional focus the atrium as suggested by the terminal tupright portion of the QRS, is discharged after the onset of QRS and thus the representing a retrograde P wave, manifest escape interval appears longer than the true junctional rate. Less commonly, blocked APS, in which the block of the APS occurs distal to the site of the junctional focus, result in a manifest escape interval which is longer than true junctional interval ( fig. 1-4, 3) . Similarly, a concealed junctional discharge which fails to reach the ventricles may result in manifest escape cycle longer than the true junctional cycle ( fig. 1-6 ). All of the above mechanisms were seen in the present study. Ventricular premature systoles invariably discharged the ectopic junctional focus after the onset of QRS and in instances in which both the manifest escape and true junctional intervals could be determined, the manifest escape interval was longer than the true junctional interval. On the other hand, conducted APS sometimes were associated with manifest escape intervals shorter than true junctional intervals, but the disparity was much less pronounced than with VPS. The difference in the effect of APS and VPS on the length of the escape interval is not unexpected. 
